Abstract." Three micro-enzyme-linked immunosorbent assay (micro-ELISA) systems were developed and evaluated for detection of specific free circulating antigen and circulating immune-complexes (CICs) of 8 kDa antigen in the sera of patients with hydatidosis. All (100%) the sera of 30 confirmed positive cases of hydatidosis had detectable levels of antigen in the acid-treated sera. However, 23 (77%) and 26 (87%) sera of 30 confirmed cases had free as well as CICs of 8 kDa antigen in the untreated and in the polyethylene glycol (PEG) precipitated sera, respectively. None of the sera from other patients with parasitic infections or viral hepatitis had any detectable levels of 8 kDa antigen in the untreated, acid-treated or PEG-precipitated serum samples. The investigations, therefore, suggested that the demonstration of circulating antigen employing monospecific antibodies to affinity purified 8 kDa antigen in acid-treated sera is more efficient as compared to detection of free circulating antigen or CICs in the untreated or in the PEG-precipitated sera which could provide a specific immunodiagnostic tool for ongoing hydatid infection.
Introduction
Echinococcosis is worldwide in distribution and constitutes an important economic and public health problem [1] . Echinococcus granulosus develops successively in definitive (dog) and inter-mediate (sheep, cattle, man, etc.) hosts, and the consequences of cyclozoonosis are of both medical and veterinary importance [1, 2] . The pathology of the disease is mainly due to the physical pressure, the developing cyst exerts on the host's viscera [2] [3] [4] . Most often than not, a severe anaphylactic shock occurs when a cyst ruptures accidentally or at the time of its surgical removal, due to release of allergic hydatid fluid [2] [3] [4] [5] . This may result in the death of host [4, 5] or lead to development of multiple secondary hydatid cyst [2, 3, 6] .
Due to variabilities in signs and symptoms of the disease, the clinical diagnosis of hydatidosis is 232 difficult [2] [3] [4] [5] [6] . Various physical and radiological techniques have been used for diagnosis of this disease [3, 6, 7] . However, such procedures may not be practicable in centres lacking appropriate facilities or expertise, especially in developing and underdeveloped countries. Alternatively, several serological procedures documenting antibodies to hydatid cyst fluid and antigen 5/B have been developed and evaluated. Most of these antibody detection assays are neither very sensitive nor very specific [2, 3, [6] [7] [8] . In addition, there is no direct correlation between the levels of anti-hydatid antibodies and size or location of the hydatid cyst or subclinical status of this infection [3, 8, 9] . Moreover, anti-hydatid antibodies are known to persist for years after surgical removal of the hydatid cyst [10] . After the surgical removal, how long these antibodies persist in the circulation has not been measured. In such situation, the detection of immune-complexed form of specific antigen in the circulation by employing monospecific antibodies would seem a better and more reliable means for diagnosis of ongoing hydatid infection. Therefore, in order to develop a sensitive and specific immunodiagnostic tool, the ideal approach would be first to identify hydatid specific antigen(s). Recently, hydatid specific antigens were identified in immunoblots of crude hydatid cyst fluid [11] and these antigens were purified and characterized [12] . In the present study monospecific antibodies to affinity purified hydatid-specific antigens were raised and utilized for the detection of free and circulating immune-complexes (CICs) in the sera of patients with hydatidosis.
Materials and Methods

Affinity purification of hydatid-specific 8 kDa antigen
The hydatid-specific 8 kDa antigen was successfully affinity purified as described earlier [12] . The pooled fractions were desalted through Sephadex G-25 (Pharmacia Fine Chemicals, Uppsala, Sweden). The eluates were concentrated by lyophilization and the protein content of the affinity purified 8 kDa antigen was estimated [13] .
Antibodies to affinity purified 8 kDa antigen
Antibodies to affinity purified 8 kDa antigen were raised in rabbit. Each immunizing dose contained 250 ~g of affinity purified 8 kDa antigen. The schedule for immunization was identical to that described earlier [14] . The IgG fraction was obtained by DEAE cellulose chromatography [15] . The specificity of the IgG antibodies for the 8 kDa antigen was assessed by immunoblots of crude hydatid cyst fluid [12] .
Clinical samples
Serum samples were collected from 30 confirmed cases of hydatidosis; 70 other parasitic infections, (20 cysticercosis, 15 ascariasis, 10 ancyclostomiasis, 10 hymenolepiasis, and 15 amoebic liver abscess); 13 viral hepatitis; or from 25 healthy subjects were assessed for detection of the free and immune-complexed form of 8 kDa antigen by employing three different ELISA systems. The criteria for diagnosis of patients or healthy subjects have been reported elsewhere [12, 14] .
Direct micro-ELISA for detection of specific circulating antigen
The 8 kDa antigen in free or immune-complexed form was detected by two direct ELISA systems. The free circulating 8 kDa antigen was detected in untreated sera by direct coating of optimally diluted sera on ELISA plates in 0.05 M carbonate/bicarbonate buffer, pH 9.6. An optimal dilution of clinical sera (1:320) and of IgG antibodies (1:6400) to affinity purified 8 kDa antigen required to detect free circulating antigen was worked out by checker-board titration in micro-ELISA. The optimal concentration of untreated sera (1:320) from clinical subjects was coated on the wells.
For detection of circulating antigen in acidtreated sera, serum samples were mixed with 0.2 M glycine-HC1 (pH 3.0) at a ratio of 1 : 3 (which is known to dissociate antigen-antibody immunecomplexes) for 1 h at room temperature [16] . An optimal dilution of acid-treated sera (1 : 3200) and of IgG antibodies (1:6400) to detect circulating antigen was done in a checker-board titration. For both the ELISA systems, after appropriate washings and blocking with 3% bovine serum albumin (BSA), the wells were treated with IgG antibodies (1 : 6400). This was followed by incubation with HRP conjugated anti-rabbit IgG antibodies (1:4000) (Jackson ImmuneResearch Laboratories, Baltimore Pike, USA_) and the reaction was developed with orthophenylene diamine (Sigma, USA_) as a substrate. The Aa92n m was read in an ELISA reader (Eurogenetics, Belgium).
Sandwich micro-ELISA for detection of CICs in PEG-precipitated sera
The CICs were prepared by the method as described elsewhere [17] . The optimal dilutions of IgG antibodies and PEG-precipitated CICs were determined by checker-board titration in a micro-ELISA. The ELISA was performed by coating optimally diluted (1:640) IgG antibodies to affinity purified 8 kDa antigen on wells. After overnight incubation at 4°C, the wells were washed with 0.15 M PBS-Tween, pH 7.2. Optimally diluted (1:640) PEG-precipitated CICs were added and incubated for 3 h at 37°C. The PEG-precipitated CICs were detected by incubating with HRP conjugated anti-human antibodies.
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The rest of the procedure was indentical to that described above.
For all the micro-ELISA systems the mean + 2 SD of absorbance value of sera from healthy subjects was the ideal cut-off value to differentiate sera from hydatid infected and uninfected individuals.
Diagnostic evaluation
The predictive value for positive results, predictive value for negative results, diagnostic efficacy, specificity and sensitivity of micro-ELISA systems to detect free and immune-complexed 8 kDa antigen in untreated and acid-treated or PEG-precipitated sera were calculated as described elsewhere [14] .
Results
Employing the ideal cut-off absorbance value of mean + 2 SD (> 0.85) of specific absorbance of healthy control subjects in untreated sera, serum samples from 23 (77%) of the 30 con- firmed positive cases of hydatidosis had detectable levels of free circulating 8 kDa antigen. The specificity of the assay was indicated by failure to detect any free 8 kDa antigen in serum samples from the patients of cysticercosis, other helminthic infections, amoebic liver abscess, viral hapatitis; the values were all within the range of control subjects (Fig. 1A) . A cut-off absorbance value of mean +_ 2 SD (i.e. > 0.81) of healthy control subjects was found to be optimal for detection of antigen in the acid-treated serum samples (Fig. 1B) . The serum samples from all (100%) of the 30 confirmed positive cases of hydatidosis had specific absorbance values above the cut-off value, while all the serum samples from other parasitic infections and viral hepatitis serum samples had specific absorbance values below the cut-off value.
Employing the cut-off absorbance value > 0.95 (i.e. mean + 2 SD of specific absorbance of healthy subjects) for detection of immune-complexed form of 8 kDa antigen in the PEG-precipitated sera, 26 (87%) of the 30 confirmed positive cases of hydatidosis had datectable levels of specific CICs. The specificity of the assay was indicated by failure to detect any immune-complexed form of 8 kDa antigen in serum samples from all 20 patients of cysticercosis, 35 patients of other helminthic infections, 15 patients of amoebic liver abscess, 13 patients of viral hepatitis or 25 healthy control subjects (Fig. 1C) .
Twenty-three (77%) of 30 confirmed positive cases of hydatidosis had detectable 8 kDa antigen in untreated, acid-treated and PEG-precipitated serum samples. Four (13%) cases of hydatidosis were negative for circulating antigen and CICs in the PEG-precipitated sera while these sera were positive for antigen in the acid-treated serum samples. The remaining three were negative for free circulating antigen in the untreated sera; however, these sera were positive for antigen in the acid-treated and in the PEG-precipitated sera.
Discussion
Several serological procedures documenting antibodies to various antigens such as hydatid cyst fluid, protoscoleces, cyst wall and oncosphere have been developed and evaluated with variable degrees of sensitivity and specificity [1] [2] [3] [6] [7] [8] [9] [10] . Among these serological procedures, the antibody-based ELISA was one of the most sensitive and convenient procedures. One of the reasons for the poor sensitivities of several antibody detection assays has been postulated to be due to the antibodies being 'mopped up' by high concentrations of circulating free antigen resulting in the formation of immune-complexes and rendering antibodies unavailable for detection [16] . In any microbial infection, response to the microbial antigens will depend upon the degree of recognition of antigen by the host. The host could be a high, moderate or low responder. It is also well known in hydatidosis that immune responses are associated with the age of patient, the integrity of the cysts and strain differences in the E. granulosus species [18, 19] . It has also been suggested that a significant number of low antibody responders in hydatidosis may account for a low degree of sensitivity. The poor specificity has been attributed to cross-reactions between hydatid cyst fluid antigens and antigens of other related helminths [2, 3, 6, 8, 20] or with contaminant host proteins [3, 21] . Thus, to improve the sensitivity and specificity of the serological test, the identification of hydatid specific antigen is of prime importance.
Two major antigens termed antigen 5 and antigen B were thought to be specific for hydatidosis [2, 36] , however, other investigations revealed that neither the antigen 5 nor antigen B were specific for hydatidosis [3, 8, 20] . Recently we were able to identify the hydatid-specific 8 kDa and 116 kDa antigens in immunoblots of crude hydatid cyst fluid [11] . We have raised antibodies to these hydatid-specific 8 kDa and 116 kDa antigens after eluting them from SDS-PAGE gels and utilized these antibodies to demonstrate free or immune-complexed forms of 8 kDa and 116 kDa antigens [14] . Although these antigen detection assays are sensitive and specific for hydatidosis, the differences between the specific absorbance values and the absorbance values of the unknown serum samples was so small that it was difficult to differentiate the healthy control subject from the hydatid-infected patient. Moreover, when we used this cut-off absorbance value for routine immunodiagnosis of hydatidosis from blind or suspected cases in micro-ELISA, 12% of sera were found to be false-negative for hydatidosis. This false negativity may lead to wrong daignosis, and limits the use of such antibodies for confirming the diagnosis of hydatidosis.
In the present investigation we used antibodies to affinity purified 8 kDa antigen for detection of immune-complexed 8 kDa antigen, because this molecule is a monomeric thermostable, glycoprotein and was found to be hooklet-specific rather than the 116 kDa molecule, which was found to be thermolabile and lipoprotein in nature [12] . In addition, our previous findings revealed that all confirmed positive cases of hydatidosis had anti-8 kDa antibodies while none of the sera from other helminthic infections had any detectable levels of antibodies to 8 kDa antigen [12] . Therefore, we used the anti-8 kDa affinity purified antibodies to improve the sensitivity and specificity of immunodiagnostic assay for the detection of CICs. In the present study employing IgG antibodies, 26 (77%) of confirmed cases of hydatidosis had circulating 8 kDa antigen in both the PEG-precipitated and acid-treated sera. There were three (10%) cases which were found to be negative for free circulating antigen in the untreated sera, but positive when employed in PEG-precipitated sera and in acid-treated sera. The remaining four cases were negative for the free circulating antigen in the untreated sera and for C1Cs in the PEG-precipitated sera. However, these cases were positive for the detection of antigen when acid-treated sera were used. These observations indicated that the acid-treated sera were likely to contain a relatively large amount of 8 kDa antigen in free form as well as in the dissociated form obtained after dissociation of antigen-antibody complexes following the treatment of sera with glycine-HC1 [16] . This may explain why the detection of circulating 8 kDa antigen in the acid-treated sera was more efficient as compared to the detection of antigen in the untreated or PEG-precipitated sera.
The detection of hydatid-specific 8 kDa antigen, especially in acid-treated sera, could provide 235 a highly sensitive and specific immunodiagnostic tool for hydatidosis. In addition, the persistence of 8 kDa antigen after effective chemotherapy and after surgical removal of the hydatid cyst needs to be assessed. Such an investigation could also provide clues to the effectiveness of chemotherapy or complete surgical removal of cyst in clinical cases of hydatidosis.
